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Studies on lYl yxosoma cartilaginis n. sp. (Protozoa: M yxosporidea) of Centrarchid 
fish and a Synopsis of the Myxosoma of North American Freshwater Fishes 
GLENN L. HOFFMAN, ROBERT E. PUTZ AND CLARENCE E. DUNBAR 
Bureau of Sport Fisheries and Wildlife, Eastern Fish Disease Laboratory, 
Leetown (P. O. Kearneysville), West Virginia 
,;y\'OPSIS . .'If yxo~oma carti~aginis n. s~. is described from the 
:3rtilage of Lepomzs macrochzrus (blueglll), L. cyanellus (green 
l fish) and Micropterus salmoides (largemouth black bass). 
;:e development of the parasite is described from naturally 
. i eted fish which were held in spore-free water after infec-
In ~ The sporoplasm invades cartilage, and becomes a multi-
tl°cl~ate trophozoite which forms pansporoblasts, each of which 
n~oduces 2 to 4 spores. The first spores appear in 7 weeks. 
P The histopathology in the above fish consists at first of little 
cellular reaction, but after 4 to 5 months epithelioid gr~nu­
lomas appear around some of the spore masses. Cartilage 
FORTV-SEVEN species of Myxosoma have been described, 29 of which are North American. Spe-
cies descriptions and differentiating characteristics can 
be found in the following, arranged in chronological 
order: Kudo(20,21,25); Davis(6,7); Markewitsch 
(27); }leglitsch(28-30); Bond(3,4); Fantham, Por-
ter & Richardson(9,1O); Otto & Jahn(33); Rice & 
lahn(35): Iversen(17); Dogiel, Petrushevski & Pol-
;'anski(8); Bychowsky( 5); Ghittino( 11); Guilford 
'(12); Baker(1). 
Myxosoma is differentiated from the very similar 
genus Myxobolus by the lack of an iodinophilous 
vacuole ( 24) . 
M. cartilaginis n. sp. was first noticed in bluegill 
fingerlings at Leetown in December 1960, and was 
iound in a large percentage of the young fish that 
year and also in 1961, 1962, 1963. It was also found 
in young bluegills from the Izaak Walton pond at 
Leetown. White Sulphur Springs National Fish Hatch-
ery, David Wright's farm pond at Inwood, the Shen-
andoah River at Millville, all in West Virginia, and 
the State Hatchery at Lewistown, Maryland. It was 
also found in Micropterus salmoides (largemouth black 
bass), but the cysts were very small and difficult to 
find. 
Myxosoma cartilaginis n. sp. localizes in the carti-
lage of the head, particularly the gill arches, occasion-
ally in the base of the largest fin rays, but never in 
the vertebrae of Lepomis macrochirus (bluegill) and 
L. cyanellus (green sunfish) . We are not aware of 
any other group of organisms which invade cartilage 
as a normal part of their life cycle. Among the Myxo-
sporidia the following have been reported from the 
cartilage of fishes: Myxobolus aeglefini from the head 
s~eleton of marine fish (18 ) ; M. dentium from the base 
ot the teeth of Esox masquinongy(9); Myxosoma 
liquefaction is present around the parasites for at least 5 weeks. 
Eosinophilic globules are present in cartilage cells adjacent to 
the lesions. Diffuse infiltration of the spores from the lesions is 
described . 
Of 24 chemicals tested for polar filament extrusion, potas-
sium hydroxide gave the best results. 
An illustrated synopsis of the Myxosoma of North American 
fishes is given. Included is some additional information and 
iIIustmtions of M. hofJmani Meglitsch, 1963. Also included is 
a table showing the hosts, site of infection, geographic location, 
spore and polar capsule sizes. 
cerebralis from the cartilage of salmonids (16); M. 
hofJmani from the cartilaginous sclera of the eye of 
Pimephales promelas (this paper); M. scleroperca 
from the cartilaginous sclera of the eye of Perca flaves-
cens and Percina caprodes ( 12); H enneguya brachyura 
from the fin ray of Notropis(39); H. schizura from 
the sclera of the eye of Esox lucius (13); H enneguya 
sp. from the cartilage of the branchial arch of Pomoxis 
(6), and Sphaerospora platessae from the auditory 
capsule of f1ounders(40). In addition, Myxobolus 
dentium from the bases of the palatine teeth of Esox 
masquinongy and M. hyborhynchi from the bone of 
Hyborhynchus notatus(9) may actually be cartilage 
parasites. We believe that these species are specific 
for cartilage; Kudo(26) has stated that Myxosporidea 
are more specific for tissues and organs than for host 
species; e.g., Myxosoma cartilaginis n. sp. was found 
growing in the cartilage only. It was found in the 
cartilage of 3 species of centrarchid fish but not in 
7 other fish of different families in the same habitat, 
so it has host specificity as well as tissue specificity. 
Myxosoma cartilaginis n. sp. 
(Figs. 1-9, 50, 51) 
Vegetative form. Cysts in head cartilage, 420-1500 '" in 
greatest diameter, 2-4 spores formed in pansporob1asts (see 
"Development" for further details). 
Spore. Subspherical in front view, lenticular in side and end 
view. The shell valves are symmetrical, and the sutural ridge 
is narrow, about 1 ",. Three to 8 triangular thickenings present 
along the posterior half of the shell in many spores. The two 
polar oapsules of equal size are broadly piriform with very 
short convergent ducts. Five to seven turns of capsular fila-
ment oan be seen in each capsule without staining. Maximum 
length of extruded polar filaments, 83 1-'. Sporoplasm compara-
tively large, uniformly granulated and without an iodinophi-
lous vacuole. Dimensions of ten formalin-preserved spores: 
length 10.8 (10-12) "', breadth 9.5 (9-11) "', thickness 6.1 (6-7) 
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fL, polar capsules 5.3 (5-6) .fL by 3.1 (3-4) fL. Ten fresh spores: 
length 10.2 (9.5-10.5) fL, breadth S.9 (S.4-9.5) fL, thickness 6.4 
(6.3-7.3) fL, polar capsules 5.3 (5.2-5.6) fL by 3.3 (3-3.5) fL· 
Habitat. In the cartilage, particularly the branchial arches, 
occasionally in the base of the largest fin rays, never in the 
vertebrae of Lepomis macrochirus, and L. cyanellus. Also in 
Micropterus salmoides, but cysts small and difficult to find; 
Leetown (Kearneysville), West Virginia. 
Identification. Since Myxosporidea appear to be 
highly specific for tissue and organ as well as host, 
M. cartilaginis n. sp. is here compared with cartilage-
dwelling species only. It very closely resembles M. 
ccrebralis; the spore is only slightly larger (M. cere-
bralis is 8.9 ,I-'- long, 7.6 I-'- wide, 6 I-'- thick, polar cap-
sules 3.9 X 2.8 JL), and the vegetative form is very 
similar-the most notable differences are in host spe-
cificity and pathology. M. cartilaginis was found in 
nearly 1000/0 of the young bluegills at this station, 
but trout were never found infected. To test this 
further, 200 rainbow trout, 3 mo. old, were held in 
a screen livebox in the bluegill pond from March 15, 
1963, till May 9,1963, and then kept in trout troughs 
until July; no Myxosoma was found. Further evidence 
of the difference in host specificity between M. carti-
laginis and M. cercbralis is that no infected bluegills 
could be found at the National Fish Hatchery, Lamar, 
Pennsylvania, although M. cerebralis was present in 
the trout. Although the histopathology appears very 
similar in both, trout infected with M. cerebralis dem-
onstrate dramatic symptoms (whirling, black-tail, 
spinal curvature, misshapen heads), whereas no symp-
toms could be attributed to M. cartilaginis in bluegills. 
The spore of M. cartilaginis n. sp. also resembles 
that of M. hoffmani but is slightly larger; vegetative 
stages of the latter were not described. Because of 
its specific location in the fish, and because no other 
species of fish were found infected in the Grand Forks, 
North Dakota area, we consider M. hoffmani a differ-
ent species. 
DEVELOPMENT OF 
MYXOSOMA CARTILAGINIS N. SP. 
(Figs. 1-9, 61) 
Until recently no one had succeeded in achieving 
experimental infection with histozoic Myxosporidea 
(16,23). However, Uspenskaya(37), has infected 
trout with Myxosoma cerebralis by introducing into 
the stomach spores that had been "aged" in water 
4 months. Wagh(38) transplanted spores of M. ovalis 
by hypodermic injection. In 1961 we attempted to 
infect yearling bluegills by feeding the spores to them 
in small pieces of tissue; none became infected. In 
1963, about 200 bluegills, 18-25 mm long, were trans-
ferred to our laboratory from the National Fish 
Hatchery, Lamar, Pennsylvania where M. cartilaginiS' 
n. sp. does not exist. They were distributed in 3 
aquaria; those in No.1 and 2 were fed tissue Co _ 
taining spores, whereas those in No. 3 were suppli ~ 
with a large amount of freed spores, algal bloom a:d 
small Cladocera. Since there is a possibility that small 
invertebrates are a necessary transport host, We ex-
pected the fish in No.3, at least, to become infected 
No infected fish were recovered from the experiment 
To study the development of the parasite, We col-
lected one lot of bluegills, about 3 weeks old (16-18 
mm long), on June 20,1962, from one of the hatchery 
ponds containing heavily infected bluegills. At the time 
of collection the fish had been feeding on phyto- and 
zooplankton and presumably had been exposed to 
infection. Since younger fish were not found infected 
we presume that they became infected at about i 
weeks of age. These fish were kept in aquaria supplied 
with spore-free water at IS-26°C (avg. 22). Samples 
of the fish were examined at intervals, and the smallest 
parasites found were assumed to be the youngest 
and approximately as old as the time the fish had 
been held in spore-free water. 
Approximate I-week stage (Fig. 1). Of 20 tropho-
zoites measured from the fish which had been in the 
laboratory 7 days, the sizes range from 15-76 I-'- in 
greatest diameter with the two smallest ones being 
15 and 20JL respectively. We assume that these small-
est trophozoites are approximately one week of age. 
This corresponds to the size of the youngest stage 
found for Myxosoma ovalis in the gill capillaries by 
Davis (6) and M. cerebralis in the cartilage of trout 
(16) . 
The trophozoite is light yellow-brown, round to 
oval, and appears multicellular in fresh material; in 
sectioned material this is not so obvious. The "cells" 
are 5-7 I-'- in diameter and the nuclei (20 counted in 
one whole mount) are 3-4 .1-'- in diameter. There is a 
zone of cartilage liquefaction 1-10 JL thick around the 
parasite; this is apparent in wet mounts as well as 
sections. 
Approximate 2-week stage. The smallest trophozoite 
from the fish which had been in the laboratory 2 weeks 
measured 21 JL in diameter; we assume it to be ap-
proximately 2 weeks old. Nuclei are 3 and 5 I-'- in 
diameter. 
Approximate 4-wcek stage (Figs. 2, 61). Of 13 
trophozoites measured, the smallest was 23 X 30 i£. 
in diameter. In the fresh preparations the parasite 
appears multicellular. In cross sections there are Z 
sizes of nuclei, about 2 and 4 JL in diameter. It is 
probable that both vegetative and generative nuclei 
as described by Kudo(22,23) are present but we were 
not able to determine any morphological differences 
in our sections. Some pansporoblasts have formed 
and are in the process of producing spores; unfortu-
nately the only details to be seen are round objects 
about 81-'- in diameter which resemble spores. In 
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Figs. 1-6. All photomicrographs of Myxosoma cartitagtnts 
n. sp in the bluegill, Lepomis macrochirus. Fig. 1. Trophozo-
Ite, about one week old, in the infraorbitalis (anterior to eye). 
Bematoxylin and eosin stained section. Magnification 870 X. 
Fig. 2. Trophozoite, about 4 weeks old in cartilage of ventral 
cranium. Note the numerous nuclei. Magnification 870 X . 
Fig. 3. Trophozoite, about 7 weeks old, containing a few 
spores. N ole thin "bone ring" around cartHage. Giemsa's 
stain. Magnification 200 X. Fig. 4. Spores stained with 
Giemsa's. Magnification 1000 X. Fig. 5. MaJture, spore bearing 
cysts of M. cartilaginis n. sp. in the gill arch. Magnification 
10 X. Fig. 6. Section through gill arch containing 2 large ma-
ture cysts. Stained with hematoxylin and eosin. Magnification 
27 X. 
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Fig. 7. Remains of cyst of M. cartilaginis n. sp. in opercular 
bone at 5 months post infection. Granuloma extends into the 
cyst area, around the bone, and darkly staining spores have 
moved nearly to the mucosa at the bottom. Giemsa's stain. 
Magnification 120 X. Fig. 8. Part of Fig. 7 but magnification 
250 X. Granuloma extending into area of cyst. Fig. 9. Darkly 
stained spores of M. cartilaginis n. sp. have moved into the 
side of the pseudobranch from a cyst which was located above 
and to the right. Giemsa stain. Magnification 400 X. Fig. to. 
Section through entire eye showing large cyst of M. koffmani 
completely encircling and compressing retina. Hematoxylin and 
eosin stain. Magnification 40 X. Fig. 11. Spore bearing cyst 
of M. ko ffmani in cartilaginous sclera of eye. Giemsa's stain. 
Magnifica.Hon 150 X. Fig. 12. As Fig 11 but magnification 
500 X. 
Abbreviations: B = bone, G = granuloma, RET = retina, 
S = spore, SCL = sclera. 
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stained ~mea~s the Y0u.nlg spores T(Fhig. 61) wzith theli~ 
ent nucleI are easl y seen. ere are nuc el 
P~~erched" on the outside of the valves, one at the 
b se of each polar filament and Z in the sporoplasm. 
~ese nuclei measure about 1.5 p.. in diameter. 
APproximate 5-week stage. Of 14 trophozoites meas-
red, the smallest was 60 p.. in diameter. In cross sec-
~ons the nuclei appear similar to the earlier stages. 
The zone of cartilage liquefaction is still prominent 
around the parasite. 
The bone "shell" around the head cartilage is now 
about 1 p.. thick in most places and many parasites 
appear to be trapped therein. 
Approximate 7-week stage (Figs. 3, 4). The para-
sites are now 100-Z00 p.. in diameter and some spores 
were present in cross sections of all parasites exam-
ined. but spore production is not completed. 
To determine the number of spores in the pansporo-
blasts. the cyst was ruptured and the material exam-
ined in wet mounts; Z, 3 and 4 spores were seen in 
individual pansporoblasts. Spores are not all formed 
simultaneously, and the earlier spores are produced 
throughout the cyst, not centrally as in some Myxo-
soma species (6) . 
Three-month stage (Figs. 5, 6). Spore production 
appears to be nearly complete and most, if not all, 
spores are still contained in the cysts. 
Five- to 6-month stage (Figs. 7, 8). The cysts are 
now 4Z0-790 p.. in diameter and round to oval. Spore 
production is completed. ~1any cysts appear to have 
ruptured and many of the spores have "leaked" out 
into adjacent tissue in spite of partial ossification of 
the skeleton (see section on histopathology). 
Seven-month stage (Fig. 9). Very few intact cysts 
can now be found. Most have ruptured and lost most 
of their spores (see histopathology). 
HISTOPATHOLOGY 
The mature opaque white cysts can be seen easily 
in the gill arches and opercula of small bluegills at 
lOX magnification with the dissection microscope 
(Figs. 5, 6). Young developing stages can be seen 
with the compound microscope, but the remains of 
older cysts which have lost most of their spores can 
be detected only in histological sections stained with 
Giemsa's or other stains which stain the spores (Figs. 
7-9) . 
There are few reports concerning the histopathology 
a5sociated with cartilage parasites. Kabata(18) stated 
that the cartilage seemed hypertrophied and full of 
white splotches in Pleuronectes platessa infected with 
.H yxobolus aeglefini. Plehn (34) gave a detailed de-
scription of the granulomas extending from the head 
cartilage in trout infected with Myxosoma cerebralis. 
Woodcock(40) [quoted by Kudo,(ZO)] described 
Sphaerospora platessae from the cartilage of Pleuro-
nectes platessa and notes hypertrophy of the head 
cartilage. We don't know whether the "hypertrophied 
cartilage" was actually hypertrophy of cartilage or 
granulomas growing from the skeletal parts as in M. 
cerebralis and M. cartilaginis n. sp. infections; we 
have not seen the original publication. 
Approximate l-week stage (Fig. 1). There is no 
evidence of cellular destruction or tissue response; 
the parasite appears to be located innocuously in the 
cartilage. 
Two to 5 weeks (Fig. Z). There is no tissue reaction, 
but there is a distinct clear zone of cartilage lique-
faction, I-lOp.. thick, around the trophozoite. There 
are eosinophilic globules in adjacent cartilage cells 
from about Z weeks on. 
Six weeks to 3 months (Figs. 3-4). Spores are pres-
ent in the lesions from about 7 weeks on. There is 
very little tissue reaction around the cysts, which can 
be recognized by the large number of spores present. 
A thin layer of bone, a few microns thick, can be 
seen around most of the head skeletal parts when the 
bluegills are about 6 weeks old. Some of the cysts 
become trapped in the skeleton, but the spores from 
most of the cysts are apparently forced out later on, 
particularly those in the gill arches and opercula 
where the cysts did not become enclosed by bone. 
Four to 5 months (Figs. 7, 8). Epithelioid prolif-
eration is present around many of the cysts. In one 
instance the granuloma extended into the cranium 
along with an emerging nerve. Spores have been moved 
out of the cysts into the proliferating granulomas. Ap-
parently most, or all, of the cysts rupture during this 
period and spores disperse into adjacent tissue and 
probably even out of the fish. Spores were found, 
apparently migrating through tissue, in connective 
tissue adjacent to lesions and in the epithelium of the 
opercula, mouth, base of gills and gill filaments. None 
were found in the kidney, liver, spleen, brain or blood 
vessels although it is probable that some are carried 
to these organs by the vascular system. Similar move-
ment of spores has been recorded for Myxosoma cere-
bralis (36), and Myxobolus insidiosus (41); earlier ref-
erences are discussed in Kudo(Z3) under problems of 
"diffuse infiltration." 
Seven months (Fig. 9). Most of the spores have 
been forced out of the cysts, many of which are sur-
rounded by an epithelioid proliferation which still con-
tains some of the spores. There has been connective 
tissue repair of the cyst region in many cases, and 
some are completely encased in bone. 
EXTRUSION OF POLAR FILAMENTS OF 
M. CARTILAGINIS N. SP. 
The purpose of this work was to determine which 
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chemicals were most effective in causing the extrusion 
of the polar filaments. Myxosporidean spores extrude 
their filaments in the intestine of fish, a process as-
sumed to aid in attachment to the epithelium(23). 
It is possible that the forced extrusion of the filaments 
by chemical action will render the spores non-infective. 
If so, such a chemical, if effective in dilute amounts, 
would be very useful in hatchery and aquarium dis-
infection. 
Kudo (19,23) listed the following chemicals which 
have been shown to cause polar filament extrusion 
of Myxosporidea: acetic acid, alkalies (KOH and 
NaOH) , ammonia, boiling water, distilled water, ether, 
glycerin, hydrochloric acid, iodine-alcohol, iodine-
water, nitric acid, and sulfuric acid. Plehn (34) re-
ported that acid, (kind not listed), glycerin, alcohol 
and ether did not cause extrusion of the polar fila-
ments of Myxosoma cerebralis (Lentospora c.). Her-
rick ( 14) caused the extrusion of polar filaments of 
Myxobolus osburni by allowing a physiological saline 
solution, containing spores, to dry and then adding 
distilled water. Herrick (15) could not repeat the 
above with Henneguya rupestris. Noble(32) caused 
the extrusion of the polar filaments of Myxidium gas-
terostoi with KOH. Uspenskaya(36) caused the ex-
trusion of the filaments of Myxosoma cerebralis with 
1-2% KOH, but not with acids and artificial gastric 
juices. Yasutake and Wood(42) extruded the fila-
ments of Myxidium minteri, Chloromyxum majori and 
Myxobolus kisutchi with 5% KOH, but not with 
acids and artificial gastric juices. Guilford (12) used 
pressure in water mounts successfully for Myxosoma 
neurophila, M. scleroperca and Henneguya doori. 
Methods. The cysts containing the spores were dissected 
from the head cartilage of the bluegill, Lepomis macrochirus. 
The spores were placed in vials containing physiological saline 
(0.85% NaC!) and stored in the refrigerator at 6°C. Some of 
these spores were kept in good condition for as long as 4 
months. 
A drop of spore solution was placed on a slide and an equal 
volume of the reagent to be tested was added. A cover slip 
was placed over the mixture and the slides examined under the 
high dry (430 X) lens of the microscope. In some instances 
the slide was examined for an hour or less. Pressure from 
drying might have been a factor beyond an hour and before 
additional fluid was added. 
Most slides were prepared at room temper~ture (22°C ap-
prox.), but heat from an electric light bulb was applied to 
several slides to 'try to determine whether rtemperature was a 
factor in polar filament extrusion. Also, some slides were made 
with the spore solution and reagent ~t refrigerator temperature 
(6°C approx.). 
Results. Potassium hydroxide gave the best results 
for spore polar filament extrusion of M. cartilaginis 
n. sp. The 2% solution appeared to be the weakest 
which would generally cause the expUlsion of the 
polar filaments. Even at the 2 % level and at the 
same temperatures, results could not always be dupli-
cated. The spores had been held over a 4-mo th 
period and this fact may have a bearing on the relati~ 
ff t · f . \>e e ec lveness 0 a reagent at any gIVen concentrati 
Temperature of the solutions affected polar filam:~ 
extrusion. Two slides were made using 1.5 % K.O~ 
at room temperature (23°C). One slide was subjected 
to heat from a lamp and the other remained at room 
temperature. In 30 min the slide which was heated 
(40°C) had 96% of the spore filaments extruded, 
(based on a count of 55 spores). The slide which 
remained at room temperature had only 57% at the 
end of 30 min (based on a count of 45 spores). After 
letting the same reagent (1.5 % KOH) solution cool 
for 2.5 hr, a slide was made up and kept at room 
temperature. At the end of 30 min, 51% of the spores 
had extruded one or more filaments (based on a count 
of 144 spores). Cold apparently retards the effective.. 
ness of KOH on spores. Using 1.5% KOH solution 
at 6°C there was no evidence of polar filament extru-
sion in 20 min. Spores held in distilled water at 24°C 
and then raised to a temperature of 39.5° for an hour 
failed to expel their filaments. 
Sodium hypochlorite (0.45%) was the most effec~ 
tive agent tested for destruction of the spore. In suf-
ficient strength it caused the polar filaments to ex-
trude; the spore split at the sutural line, the polar 
capsules floated out and then the entire spore dis-
solved. Once extruded, the polar filaments dissolved 
so fast that it was difficult to determine filament ex-
trusion. Using 0.26% NaOCI (5% bleach) the result 
was more of a general spore dissolution. 
The following is a list of chemicals found to be 
effective in forcing the expUlsion of polar filaments: 
Potassium hydroxide 
10% solution: 90% polar filaments eXitruded (estimate). 
5% solution: 90% polar filaments extruded (estimate). 
2.5% solution: 95% pokvr filaments extruded (actual count). 
2% solution: 93% polar filaments eXitruded (based on a 
count of 55 spores). 
1.5% solution: 50% polar filaments extruded (15 min). 
67% polar filaments extruded (20 min, based 
on a count of 126 spores). 
1 % solution: 9% polar filaments extruded (20 min, actual 
count of 92 spo'res). 
Roccal (alkyl-dimethyl-benzyl-ammonium chloride) 
0.5% Rocca:!: 6% polar filaments extruded (20 min). 
0.05% Rocca!: few polar filaments extruded (50 min). 
Sodium hypochlorite (household bleach) 
1.3 % N aOCI; almost immediate extrusion of p01ar filaments, 
spores dissolve quickly. 
0.45% NaDCI; polar filaments extruded quickly, the spores 
split and dissolve. 
0.26% NaOCI; polar filaments extruded soon, the spore 
gradually dissolves, but it does not split (25 min). 
0.05% NaDCI; variable results; generally not reliable. 
Following is a list of the percentages of sodium hypochlorite 
and the corresponding parts per million of available chlorine: 
5% NaOCI = 1233 ppm, 2.5% NaDCI = 617 ppm, 2% 
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"aOCI =:: 494 ppm, 1.5% NaOCI = 370 ppm, 1% NaOCl = 
i47 ppnl. 
The li;;t which follows gives the reagents, concentmtions and 
. s uq:d unsuccessfully in attempts to force polar filament 
l1~eusio~: Acetic acid: 50% solution, 15 min; 10% solution, 
~~ rmin . Acetone: 5% solution, 60 min. Calcium cyanamide: 
-~% suspension, some effect visible in 15 min, a few polar 
~l ;ents may have extruded; 5% solution (sealed in petro-
~;um). little effect noted in 5 hr, in 50 hr the spore appeared 
rmal except that the polar oapsules appeared empty. Calo-
no I' 2.5'1c solution, 30 min. Carbarsone: 2.5% solution, 30 
m~n' Formalin: 50% solution, 30 min. Furoxone (furazoli-mi. 
done): 2,/0 solution, 45 min. Glycerin: 10% solution, 23 min. 
Hydrogen peroxide: 10% solution, 30 min. Lux liquid deter-
ent (active ingredient not stated): 4% solution, 73 min. 
~alachite green (technioal grade): 2500 ppm, 30 min; 830 
'pm, 25 min; 500 ppm, 45 min; 25 ppm, 70 min. Merthiolate 
~sodium ethyl mercurithiosalicylate): 10% solution, 30 min. 
picric arid: 50% solution, 25 min. Potassium permanganate: 
5% solution, 25 min. Pyridylmercuric acetate (PMA): 10% 
solution, 60 min; 5% solution, 30 min. Quinine sulfate: 1.25% 
solution. 20 min. Sodium bicarbonate plus trypsin: 5% solu-
tion oi NaHCOs plus 0.025% trypsin, 60 min; 1% solution 
NaHCO" plus 0.025% trypsin, 27 min; 1% solution Na:HCOs, 
plus 0.1 % trypsin, 145 min. Sodium chloride: 10% solution, 
60 min; 3% solution, 35 min. Tri-sodium phosphate (deter-
gent): 10% solution; 1% solution; 0.1% solution. Tween 40 
(Polyoxyethylene sorbitan monopalmitate): 10% solution, 30 
min; 0.5% solution, 25 min. Versene (chelating agent): 50% 
solution, 30 min; 5% solution, 68 min; 0.01 % solution, 45 
min. 
SYNOPSIS OF THE MYXOSOMA OF 
NORTH AMERICAN FRESHWATER FISHES 
(Figs. 13-61, Table 1) 
The object of this review is to bring together the 
drawings and information necessary for the identifica-
tion of the known Myxosoma species which parasitize 
freshwater fishes of North America. 
Because the morphology and size of the spore are 
the most useful criteria for identifying Myxosoma 
species, this synopsis includes little else except the 
host species, site of infections, geographical locations 
(in Table 1), and brief notes concerning the pathol-
ogy. There are few records concerning the host speci-
ficity and tissue specificity of Myxosoma, but if the 
rather strict host and tissue specificity of M. carti-
liginis n. sp. and M. cerebralis which we have studied 
is any indication, these criteria will prove to be very 
useful in species identification. All reports concerning 
the sporulating stages of Myxosoma indicate that most, 
or all, are disporoblastic and polysporous so this in-
formation would be of little help in determining spe-
cies; however, the developmental stages should be 
included in species descriptions. 
Drawings shown in Figs. 13-61 were projected and 
traced to scale from original papers except for M. 
cartilaginis n. sp., M. cerebralis, and M. hoffmani, 
which are originals. The Myxosoma species are ar-
ranged from largest to smallest (top left to bottom 
right) and are not in alphabetical order. 
Table 1 lists Myxosoma species, hosts, site of in-
fection, geographic location, spore and polar capsule 
sizes in microns. All are taken from original sources 
except for the above mentioned 3 species which are 
originals. 
In the following synopsis the species are listed in 
alphabetical order, and a brief description of the spores 
is given (host, site of infection, geographical location 
and biometry are given in Table 1). Few references 
prior to Kudo's synopsis(20) will be given in our 
bibliography. Descriptions of M. cartilaginis n. sp., 
M. cere bralis , and M. hoffmani are mostly from our 
own observations. 
Genus MYXOSOMA (Thelohan, 1892) emend. Kudo, 1933 
(syn., Lentospora Plehn, 1905) 
Spore ovoidal (front view); flattened (seide view). Two 
piriform polar capsules at anterior end. Histozoic in fresh-
water and marine fish. 31 species. Type species: M. dujardini 
Thelohan. 
In addition to Kudo's diagnosis above, the spores are usually 
lenticular in side view, and the trophozoites of those species 
studied usually produce numerous pansporobla~ts which are 
disporoblastic, rarely monosporoblastic or quadrisporoblastic. 
M. bibullatum, Kudo, 1934 
(Figs. 34, 35) 
The cyst was a hemispherical tumor, 1.25 mm in diameter 
on the ventral side close to the left pectoral fin of Catostomus 
commersonii, Rock R., Ill. Nigrel1i(31) reported a similar para-
site in the gills of Catostomus commersonii in the New York 
Aquarium. 
Spore oval in front view; lenticular with somewhat drawn-
out ends in side and end views. Valves relatively thick, and 
both the sutuml ridge and line are distinot. Two or rarely 3 
radiating t!hickenings on the valves give a characteristic ap-
pearance to the spore. The polar capsules aTe broa;dly piri-
form with of.ten a long drawn-out duot. 
M. cartilaginis n. sp. 
(Figs. 1-9, 50, 51, 61) 
The cysts, up to 1.5 mm in diameter, are primarily in the 
head skeleton but may extend from it; those in the gill arches 
and inner side of the opercula are easily seen. Primarily in 
Lepomis macrochirus, but also in L. cyanellus and Micropterus 
salmoides; Northwest West Va. and adjacen:t Maryland. 
Spore subspherical in front view; lenticular in side and end 
views. Valves relatively thick, sutural ridge but not line, is 
distinct. Three to 8 triangular thickenings on the shell. Polar 
capsules broadly piriform with short convergent ducts. Pan-
sporoblast produoes 2-4 spores. 
M. catostomi Kudo, 1923 (cf. Kudo, 22) 
(Figs. 32, 33) 
Cysts in protruding tumor in muscle of Catostomus com-
mersonii; Douglas L., Mich. Also reported from Quebec(9). 
Spore ovoid to almost rounded. Valves of the Canadian form 
show a series of folds or thickenings, though they do not have 
the regularity of numbers, 6-8, described by Kudo, nor can the 
thickenings or folds be described as triangular. The sutural 
ridge is very slightly curved, and the 2 valves are not quite 
the same size. The polar capsules are piriform. 
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M. cerebralis (Hofer) Plehn, 1905 emend. Kudo, 1933 
(syn., Lentospora c. (Hofer) Plehn, 1905) 
(Fig. 60) 
The cysts are located mostly within the head skeleton, but 
may extend from it in the form of granulomas which can be 
found by dissecting under the dissection microscope. Pre-spore 
stages can be found in the cartilage in histological sections. 
This European species has become a serious disease agent in 
rainbow trout hatcheries in Eastern U.S. where it severely 
cripples the fish (16). It causes serious disease in Salmo gaird-
neri and Salvelinus fontinalis but also infects other salmonids. 
Pansporoblast diplosporous. Spore subspherical, slightly longer 
than broad; lenticular in side view. Sutural ridge relatively 
narrow. Polar capsules piriform, equal and convergent. This 
is the smallest known M yxosoma. 
M. commersonii Fantham, Porter and Richardson, 1939 
(Fig. 45) 
A very small cyst was found in the skin of a Catostomus 
commersonii; Stoke R., Quebec. Spore oval. Valves smooth 
with neither folds nor thickenings. Sutural ridge thin, curved, 
and uniform. Sutural line indistinct. Polar capsules elongate 
piriform bodies and almost half the length of the spore. 
M. cuneata Bond, 1939 
(Figs. 52, 53) 
Cysts 2-3 mm in diameter are found under the dermis of 
the inner surface of the gill arch of Esox masquinongy; Chau-
tauqua L., N. Y. Spore ovate, piriform in face view, lenticular 
in side view. Valves of medium thickness with a wedge-shaped 
marking arising from the base of the spore and extending to 
about the center of the sporoplasm. This marking is charac-
teristically asymmetrical, the point termina:ting to the left of 
the mid-line of the spore as viewed in face view. Sutural ridge 
heavy with a definite sutural line present. Polar capsules sub-
equal, convergent; they occupy between one-third and one-
half of the spore. 
M. diaphana Fantham, Porter and Richardson, 1940 
(Figs. 13, 14) 
Small cyst in the testis of one Fundulus diaphanus; Salmon 
R., Nova Scotia. Spore elongate-ovoid to piriform in shape. 
Valves fairly thick, with an inconstant number of folds at the 
posterior end. Sutural ridge almost :>traight, sometimes slightly 
curved. Polar oapsules subequal, elongate, piriform bodies, 
with distinct convergent ducts. This is the largest M yxosoma. 
M. ellipticoides Fantham, Porter and Richardson, 1939 
(Fig. 44) 
Cysts, 5-8 mm in diameter, on cleithrum of operculum of 
one Catostomus commersonii; Cowticook R., Quebec. Ovoid 
and ellipsoidal in outline. Valves smooth, without thickenings 
or folds. Polar capsules flask-like, have relatively long ducts 
and are less than half the spore length. 
M. endovasa Davis, 1947 
(Fig. 57) 
Trophozoites in the capillaries of the gill lamellae-no large 
cysts seen. In I ctiobus bubalus; Mississippi R., Fairport, Iowa. 
Spore nearly spherical. Valves thin, without markings. Polar 
capsules large and piriform. 
M. funduli Kudo, 1918 
(Figs. 30, 31) 
Cysts small, 150-360 f.', in gills. Also recorded by Bo d 
In Fundulus heteroclitus, F. majalis and F. diaphanus' ~ (3). 
Hole, Mass. and Chesapeake Bay, Md. Spore piriform: V ~ods 
usually uniform in thickness, with 7 to 10 markings a yes 
posterior half of their surfaces. Polar capsules Piriform~n the 
M. grandis Kudo, 1934 
(Figs. 22, 23) 
Infected fish, Ericymba buccata, had tremendously enl 
livers; Vermillion R., Ill. Also reported from N otroPis ~ge: 
sonius and Rhinichthys atronasus; Hudson R. Drainage N U,i 
(2). Spores are ellipsoi~al with ?luntly dr~wn-out anterior ~nd 
b:oadly r~unded. posten~r end m front VIew; pirifonn in side 
vIew; lentIcular m end VIew. Valves symmetrical, sutural r'd 
b d F · . I' I ge roa. Ive to 10 tnangu ar markmgs are observable al 
h . h I ong t e postenor a f of the valves in the majority of Spores. 
Polar capsules elongate, piriform and convergent. 
M. hoffmani Meglitsch, 1963 
(Figs. 10-12, 54-56) 
The only material studied was collected by one of US 
(GLH) and described by Meglitsch(30). Unfortunately there 
was a mixup of host names-the infected fish were Pimephales 
promelas, not P. notata. Subsequent to sending material to 
Meglitsch we have studied additional preserved material, as 
well as our notes, and can add additional detail. M. hoffman; 
was found in 10 of 50 young-of-the-year P. promelas from the 
English Coulee, Grand Forks, North Dakota in Ootober, 1951. 
The cysts were opaque white and very obvious; 3 of the fish 
had both eyes affected and in one, the cysts completely cov-
ered the visible part of the eye. Subsequent collections in May 
and September, 1952, October, 1953, November, 1954, and 
November, 1956 yielded no more eye cysts. We have examined 
additional sectioned material and can add that the infection 
starts in the cartilaginous sclera of the eye (Figs. 11, 12), 
which it digests almost completely, leaving a huge cyst which 
may nearly encircle the eye. The retina is displaced and the 
cavity of the eye markedly reduced (Fig. 10). Such severely 
affected fish are doubtless blinded. We believe that the pri-
mary ha:bitat of M. hoffmani is cartilage. Only two other 
species, M. scleropel'ca and Myxobolus aeglefini have been 
recorded from the sclera of the eye of fishes. 
Spores nearly circular to oval in front view and lenticular 
in side and end views. Valves with 5-15 sutural thickenings. 
Polar capsules elongate, somewhat inflated posteriorly and 
terminating in a rather broad neck region. The 2 foramina 
are distinct. 
While examining fresh spores we noted caudal appendages, 
measuring 18-26 J1- by 1.5-3 J1- on some of the spores (Fig. 
55) ; 30 of 800 spores were affected. The appendages were not 
a part of the valves. Also noted was an occasional spore con-
taining 3 polm capsules (Fig. 54). 
M. hudsonis Bond, 1938 
(Figs. 46, 47) 
Cysts between the surfaces of the scales that cover the bases 
of the fins of Fundulus heteroclitus; N. Y. The spores divided 
into 2 general types, 40-75% of spores examined were Type A, 
and 26-60% of the spores were Type B. 
Type A,' Spore piriform in face view, lenticular in side view 
and with medium thick valves. The most distinctive feature is 
the opening of the polar capsules. Polar capsules piriform and 
open at one side or the other at the midline of the spore. One 
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. lve of Lhe spore is ~attened t?ward the capsular end. 
\a Type Ii: This form IS of v~rymg shape but on the average 
" characterized ~y the elon~atlOn .of the spore base. The spore 
J., of [(rea test width on a line with the base of the capsules, 
J' d while rounded at the capsular end, gradually becomes 
an wer toward the base. The polar capsules are of the same 
narro . a, in the first form and also open in the same manner. 
SIze -
This type of spore is an elongated oval, more rounded at the 
capsular end and with the base narrow. 
M, media Fantham, Porter and Richardson, 1939 
(Fig. 41) 
Large abdominal cyst in one N atrapis cornutus; Missisquoi 
E I "pecies of Mljxosorna with spore size and polar caps1lle sizes (in p), host, site ofinfecf'ion and geographic location. T.\BJ.J . 1-, _' • , 
-=-~lIil(ltum (Figs. 34, 35); 14-15 X 11.5-12.5, thickneEls 6-7.5; polar capsules 7 X 3.5; Catosfornus commeTsonii; skin; 
) . Rod, Hiver, Beloit, Ill.; XCIV York Aquarium. 
1/. carl iill.t7inis (~igs. 50,.51) ; _9.5.-10.5 >; 8,4-9.5, thick~18.ss. 6.3-7.3; polar. capsules 5 X 3; Lepomis macTo?hi~us; cartilage 
, of lll':ld, occa,slOnally fins; N ahonal FISh Hatchery VICIlllty, KearneYSVille, West Va.; Shenandoah R., MIllVille, West Va. 
)!. ealos/omi (~igs .. 32,33); 13-15 X 10-11:5, thickness 8-8.5; polar ;apsules 5-6 X 2.5-3.3; Catostomus commersonii; mnscle 
. HJld "ollnechve tIssue; Douglas Lake, MICh.; Francoeur Brook, NIcolet Watershed, Canada. 
1J. ('('{,1m/lis (Fig. 60, ; 8.9 X 7.6, thickness 6.7; 3.9 X 2.8; salmonids; cartilage; Eastern United States and Europe. 
Jr. ('ol""/1'r~onii (Fig. 45); 9.5-lf;'5 X 7-11.4, thiekness not given; polar eapsules 7.7 X 3.2; Cat08tomllS comrnet'sonii; skin; 
Stok<' RIver, Quebec, Canada. 
,1£. Cllllif/ta (]'igs. 52, 53); 9-10 X 5-7, thickness 4.5; polar capsules subequal, 4-6 X 1.5-3; Esox masqllinongy; gill arch; 
Cl""ltauqua Lake, N. Y. 
J[. (/io/,lll1na (Figs. 13, 14); 15.5-20 X 5.2-7.6; polar capsules sub equal, 7,4 X 9.6, 6.6 X 8.9; FundulllB diaphanus; cyst in 
" tt'stis; Salmon River, Guysborough County, Nova Scotia. 
J[. ellijllicoides (Fig. 44); 11.4-14.1 X 6.8-8.2, thickness not given; polar eapsules 4.5-5.9 X 1.8-3.2; Catostomus commer-
sOllii: skin (n behind operculum; Coaticook River, St. Francis Watershed, Quebec. 
J[. rnrio1'osa (Fig. 57) ; 9 X 8, thickness not given; polar capsules 5 X 3.5; Ictioblls b1lballls; gill capillaries; Mississippi 
Ri "pr, :Fairport, Iowa. 
J!. flulI/lIli (Figs. 30, 31) ; 14 X 8, thickness 6; polar capsules 8 X 12; F1mdulus heteroclitlls, F. diaphanlls and F. majalis; 
br:tllehiallamellae and COllllCctive tissue of gill filaments; Woods Hole, Mass.; Chesapeake Bay, Md. 
JI. qFllllriis (Figs. 22, 23); 15-16 X 9-11, thickness 6.8; polar capsules 6-7 X 2.5-3; ETicyrnba bllccata, Notropis hudsonills, 
Rliillichthys atronaslls; liver; Salt ]'ork tributary, Vermillion River, Ill.; Hudson River Drainage, N. Y. 
J[. hojl'mani (Figs. 54, 56) ; 9.8-10 X 8,4-9.8; thickness 6.2; pola.r capsules 5.6 X 2.8; Pimcphales promelas; cartilaginous 
se kra of eye; English Coulee, Grand Forks, N. D. 
JI. lwdsonis (Figs. 46, 47) ; 11.5-]2.5 X 7, thickness not given; polar capsules 4.5 X 2-2.5; Fundulus heteroclitlls; betwE'en 
snrfa.ces of scales covering base of fins; Hudson River, Peekskill Bay, N. Y.; Dobbs Ferry, N. Y. 
M.II/redia (Fig. 41); 11-16.8 X 7.7-10,4, thickness not given; polar capsules 5-8.2 X 1.8-3.2; N otropis cornutus; dorsal por-
tioll of abdomen; Middle branch Missisquoi River, Abercorn Village, Quebec. 
J[.microthecum (Fig. 48); ] 0-] 2.5 X 8.3-11.4, thiekness 4.3-5.2; polar capsules 5.5 (3.8-6.3) X 2,4 (1.9-3.2), Minytrema 
lIulanops; mesenteries; Ohio River, Ill. 
M. lI1uelleri (Figs. 42, 43); 12-13 X 5-7, valves subeqnal, thickness 4.5; polar capsules 7 X 2.5-3; Esox masquinongy, con-
Iledive tissue between bnlllehial lamellae; Chautauqua Lake, N. Y. 
M. I/I/lltiplicata (Fig. 49); ]()-12 X 9.5, thickness 6; polar capsules 4 X 2.25; Idlls melanotu8, Ictiobus bubalis; Gills; Rus-
sia; Lake Okoboji, Ia. 
11. I'cllrophila (Fig. 36); 12-Hi X 6-8.5, thickness 4-6; polar capsules 6.8 X 1.4-2,4; Perca flavescens, Etheostoma nigrnm; 
hrain; Green Bay, Lake Michigan. 
Jf. i/otropis (Fig. 29); 13.3-16.6 X 6.4-11, thickness not given; polar capsules 4-6,4 X 1.3-3.2, sometimes subequal; Notropis 
"ornlltus; abdominal cavity and liver; ]'irst Brook south of Haseville, Yamasica WatershE'd, Quebec. 
JI. o/;;obojiensis (Fig. 40); 16.3 X 13.2, thickness not given; polar capsules 7.8 X 6.2; Ictioblls bubalis; gills; West Oko-
hoji Lake, Ia. 
M. ()rbitalis (Fig. 28); 13.3-17.5 X 8.2, thickness not given; polar capsules 4.1-6,4 X 1.3-3; Notropis cornutus, in eye or-
hit; Middle Branch, Missisquoi River below Abercorn, Quebec. 
M. oralis (Figs. 18, ] 9); 15-17 X 15, thickness 11; polar capsules 8-9 X 6; Ictiobus bubalis, I. cyprinella; gills; Mississip-
pi :River, Fairport, Iowa; Wolf h, Ill.; Ea.st Okoboji Lake, Okoboji, Ia. 
J£. l,arellipticoides (Fig. 39); 11.4-16,4 X 7.3-10, thickness not given; polar capsules 4.1-5.5 X 2.3-3.2; Pfrille ncogaej{s; 
abdomen; Ulverton River, St. Francis Watershed, Quebec. 
Jf. "frille (Figs. 24, 25); 12.7-19.1 X 7.7-11.4, thickness not given; polar capsules 4.5-6,4 X 1.8-3.2; P. neogaeus; abdo-
Illen; Ulverton River, St. Francis Watershed, Quebec. 
M. /))-ocerum (Figs. 20, 21); 15-17 X 6.5-7, thickness 5-6, polar capsules 7-9 X 1.5-2; PCTcopsis guttatus; skin; Illinois 
River, Meredosia, Ill.; Quiver Lake, Havana, Ill. 
M. robustum (Figs. 26, 27); 14-16 X 10-11, thickness 7-8; polar capsules 6.5-7.5 X 2.5; Notropis cornutus; connective tis-
sue of skin; Rick River, N ewburry, Ill. 
JI. rot1mdum (Figs. 37, 38); 12-14 X 11-13, thickness 7-8.5; polar capsules 6-7 X 3-4; Cm'poides cyprinus; connective tis-
sue of gill filaments; Embarass River, Villa Grove, Ill. 
J/. scleroperca (Fig. 17); 10-19.2 X 7.2-9.6, thickness 6-9.6; polar capsules sub equal 10.8 and 9.5 X 2,4-3.6; Perca flaves-
,'ens, Percina caprodcs; cartilaginous sclera of eye; Green Bay, Lake Michigan, Wisc. 
]/. squamalis (Figs. 58, 59) ; 8.1-9.9 X 7.7-9.9, thickness 5.6-7.7; polar capsules 3.9-5.1 X 2.6-3.9; Salmo gairdneri, Onco-
rhynchus leislltch, O. lecta; integument; Commercial trout farms, Seattle and Olympia, Wash. 
Jl. 8ubtecalis (Figs. 15, 16); 15-18 X 6.5-8, thickness 6; subequal, polar capsules 7-8 X 2; Fundulus heteroclitus; connec-
tive tissue of viscera; fatty tissue on dorsal surface of brain; Chesapeake Bay, Baltimore, Md. 
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R Q\.trbec. 
'spore usually ovoid but occasionally a more angular spore 
v be found. Valves smooth and without thickenings. Polar 
:~suIC" elong,ate, piriform, and occupy about half the length 
oi the ,pore. 
M. mierotheeum Meglitsch, 1942 
(Fig. 48) 
Many minute (150-350 p.), oval to round cysts in mesen-
teries and peritoneum of Minytrema melanops, Ohio R, Ill. 
Spore oval in front and lenticular in side views. Valves thin 
and smooth. Sutural ridge median and distinct, but sutural 
line not distinct. Capsular nuclei present in some spores. A 
slender intracapsular process present ,at anterior end. The two 
rather large nonconvergent polar capsules are elongate, piriform 
and constricted at the neck. 
M. muelleri Bond, 1939 
(Figs. 42, 43) 
White oval cysts, 2 to 3 by 1 mm in the connective tissue 
between the branchial lamellae of Esox masquinongy; New 
York. 
Spore bluntly ovate in face view, lenticular in side view 
with one valve somewhat larger. Valves medium thick; 2 lat-
eral and one basal markings present so that 2 quadrilateral 
plaqu('s are apparent at the base of the spore. Sutural ridge 
moderate, sutural line distinct; polar capsules equal, slightly 
convergent but not crossing when studied in face view. Polar 
capsules are large and occupy about half the spore. 
M. multiplieata (Reuss) Rice and }ahn, 1943 
(syn., Lentospora multiplicatum Reuss, 1906) 
(Fig. 49) 
This European parasite was reported from North America 
from the gUls of Ietiobus bubalis; L. Okoboji, Ia.(35). The 
cysts were 200-492 p. in size and more or less oval. 
Spores with 12-14 folds in the sutural ridge with the ones 
in the posterior region more distinct than the ones in the ante-
rior region. Polar capsules uniform in size and egg shaped 
with the more pointed end anterior. 
M. neurophila Guilford, 1963 
(Fig. 36) 
Spherical to oval cysts, 30-950 Jl in size, found only in tissues 
of optic tectum and midbrain of Perea ftaveseens and Etheosto-
Figs. 13-61. Spores of Myxosoma of North American fresh-
waler fishes. All were redrawn to scale except Figs. 50, 51, 54-
56, and 60 which are original. The species are arranged in 
order of decreasing size. Figs. 13, 14. M. diaphana, two spores 
of different shape (after Fantha:m & Porter, 1940). Figs. 15, 
16. M. subteealis, front and side views, note subequal polar 
capsules (after Bond, 1938). Fig. 17. M. scleroperca, note sub-
equal polar capsules (after Guilford, 1963). Figs. 18, 19. M. 
ovalis, front and side views (after Davis, 1923). Figs. 20, 21. 
M. proeerum, front and side views (after Kudo, 1934). Figs. 22, 
2.3. M. grandis, front and side views (after Kudo, 1934). Figs. 
24. 25. M. pfrille, (after Fantham, Porter and Richardson, 
193')). Figs. 26, 27. M. robustum, front and side views (af.ter 
Kudo, 1934). Fig. 28. M. orbitalis (after Fantham, Porter and 
Richardson, 1939). Fig. 29. M. notropis (after Fantham, Por-
ter and Richardson, 1939). Figs. 30, 31. M. funduli, front and 
side views (after Kudo, 1920). Figs. 32, 33. M. catostomi, note 
that the valves are suhequal (after Fantham, Porter and Rich-
ardson, 1939). Figs. 34, 35. M. bibullatum, front and side 
views (after Kudo, 1934). Fig. 36. M. neurophila (after Guil-
ford, 1963). Figs. 37, 38. M. rotundum, front and side views 
ma nigrum; Green Bay, L. Michigan, Wis. 
Front and side views of spore piriform, anterior view len-
ticular. Valves, unmarked and thin, except for posterior in-
ternal sutural folds, meet on a sutural ridge less than 1 p. 
thick. Polar capsules equal, narrow and piriform. 
M. notropis Fantham, Porter and Richardson, 1939 
(Fig. 29) 
Large cyst filled and distended the anterior pal't of the abdo-
men. The liver had also been invaded and its structure had 
become almost obHtemted by the parasite. One Notropis cor-
nutus found infected; Yamaska Watershed, Quebec. 
Spore oval in front view and ovoid in side view; anterior 
end narrower than posterior. Sutural ridge thin and slightly 
curved. Polar capsules elongate-piriform, with short ducts, 
may be equal or subequal. Very similar to M. orbitalis. 
M. okobojiensis Rice and Jahn, 1943 
(Fig. 40) 
Cysts 175-200 f.L long, in gills of I ctiobus bubalis; L. Okoboji, 
la. 
Spore similar in shape to M. ovalis, but slightly broader. 
Valves thin, forming a small interoapsular appendix which ap-
peared to meet the sporoplasm. Polar capsules considembly 
1arger than in M. ovalis and having 14-16 turns to the polar 
filament. This is the widest Myxosoma. Figs. 2 and 3 in Rice 
and Jahn(35) are reversed. 
M. orbitalis Fantham, Porter and Richardson, 1939 
(Fig. 28) 
Three cysts, situated deep in the eye orbit, extending down 
over the cheek, bulging outwards and upwards and forcing the 
eye out 13iterodorsally. In one N otropis cornatus; Missisquoi 
R, Quebec. 
Spores oval to slightly ovoid and delicate in appearance. 
Valves transparent and without markings or thickenings. Polar 
capsules piriform. Very similar to M. notropis. 
M. ovalis (Davis, 1923) Kudo, 1933 
(syn., Lentospora ovalis Davis, 1923) 
(Figs. 18, 19) 
Cysts are small (500-700 jk), round to ovoid in the gill fila-
ments of Ictiobus bubalis and I. cyprinella; Mississippi R., 
F,airport, la. Also repol'ted from L. Okoboji, la.(35) and 
Wolfe L., Mississippi R, Ill.(38). 
(after Meglitsch, 1937). Fig. 39. M. parelliptieoides (after 
Fantham, Porter and Richardson, 1939). Fig. 40. M. okoboji-
ensis, this is numbered incorrectly in the original (after Rice 
and Jahn, 1943). Fig. 41. M. media (after Fantham, Porter 
and Richardson, 1939). Figs. 42, 43. M. muelleri, front and 
side views (after Bond, 1939). Fig. 44. M. elliptieoides (after 
Fantham, Porter and Richardson, 1939). Fig. 45. M. commer-
sonii (after Fantham, Porter and Richardson, 1939). Figs. 46, 
47. M. hudsonis, both polar capsules open at one side of mid-
line (after Bond, 1938). Fig. 48. M. microthecum, note ante-
rior intracapsular appendix (after Meglitsch, 1942). Fig. 49. 
M. multiplicata, note broad anterior end (after Rice and Jahn, 
1943). Figs. 50, 51. M. cartilaginis n. sp. (original). Figs. 52, 
53. M. euneata, note wedge-shaped thickening at posterior and 
subequal polar capsules (after Bond, 1939). Figs. 54-56. M. 
hoffmani, note tail-like process (original). Fig. 57. M. endo-
vasa (after Davis, 1947). Figs. 58, 59. M. squamalis, note sec-
ondary ridges in side view (after Iversen, 1954). Fig. 60. M. 
cerebralis (original). Fig. 61. Newly formed spore of M. ear-
tilaginis n. sp. with parent nuclei still present. 
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Spore usually circular to oval, but may be elongate. Valves 
rather uniform in thickness but slightly thickened posteriorly. 
Polar capsules fill the anterior two-thirds of the spore. 
M. parellipticoides Fantham, Porter and Richardson, 1939 
(Fig. 39) 
Large cyst (10 mm long) in abdomen of one Chrosomus 
neogaeus; Dlver,ton R., Quebec. 
Most spores oval in contour while others may be somewhat 
ovoid. Valves thin, transparent and without markings. Polar 
capsules piriform. 
M. pfrille Fantham, Porter and Richardson, 1939 
(Figs. 24, 25) 
Large abdominal cyst in C hrosomus neogaeus; Dlverton R., 
Quebec. 
Spores ovoid with folds or thickenings at the broader end. 
Valves smooth, suture very slightly curved. Polar capsules 
piriform. 
M. proeerum Kudo, 1934 
(Figs. 20, 21) 
Cysts (0.5-1.5 mm) in skin of Pereopsis guttatus; Illinois 
R. and Quiver L., Ill. 
Spores ellipsoid in front view and lenticular in side view. 
Valves relatively thin and symmetrical; sutural ridge broad, 
but sutural line indistinct. Polar capsules equally large and 
elongate piriform. 
M. robustum Kudo, 1934 
(Figs. 26, 27) 
Cysts (1.3 cm) in integument of Notropis cornutus; Rock 
R., Ill. 
Spore ellipsoidal in front view and fusiform in side view. 
Valves comparatively thick and showing 5-8 folds along the 
posterior margin in front view. Polar capsules elongate, piri-
form ,and convergent. 
M. rotundum Meglitsch, 1937 
(Figs. 37, 38) 
Cysts small (0.5 mm) in connective tissue of gill filaments 
of Carpiodes eyprinus; Embarass R., Ill. 
Spore circular or sub circular in front view, lenticular to oval 
in side view. Valves rather thick and smooth; sutural line 
distinct, and ridge is well developed, showing 2 distinct lips 
with a groove between them. Polar capsules broadly piriform 
with short necks. 
M. scleroperea Guilford, 1963 
(Fig. 17) 
Conspicuous cysts (up to 5 mm) located predominantly in 
dorsal area of cartilaginous sclera of the eye of Perea ftaveseens 
and Percina eaprodes; Green Bay L. Michigan, Wisc. Large 
cysts were accompanied by inflammation with leucocytic infil-
tration, capillary invasion, and increased connective tissue. 
Cartilage was hyperplastic. 
Spore piriform in front and side views but lenticular in an-
terior view. Valves, thickened nea,r posterior margin, meet at 
a sutural ridge less than 1 J1- thick. Piriform polar capsules of 
unequal length extend into posterior of spore. 
M. squamalis Iversen, 1954 
(Figs. 58; 59) 
Cysts develop within the scales of Salmo gairdneri, One or-
hynehus t~ehaw.ytseha and O. keta; Seattle and Olympia, W 
Heavy mfectlOn of trout and salmon in hatcheries ap ash. 
Iy contrib~tes to .mortaliti~s. The skin pustules are u:~r~t. 
and there IS conSIderable tIssue response adjacent to th~ t1y 
tules. Pua-
Spore rounded to slightly oblong in front view, pirifo 
side view, 'and lenticular in end view. Valves, devoid or: in 
pendages, are relatively thin throughout and of equal ~P­
Sutural ridge, without sutural markings of any kind nar SIZe. 
the sutural line indistinct. Closely bounding either side ot~~ 
sutural ridge is a narrow parallel ridge that runs completely 
around the valve. Polar capsules equal, convergent and p' • 
form. This is a very small species. Ill. 
M. subteealis Bond, 1938 
(Figs. 15, 16) 
Cysts (50-300 J1-) most numerous in connective tissue of liDs 
and kidneys; also in most of the viscera and in the fatty tissue 
of the sub-tecal space of the optic lobes of the brain. 
In heavily infected fish the glomeruli of the kidney are in. 
fected, the parasites occlude the glomeruli and eventually the 
parasites burst into surrounding tissue. The infection is found 
most often in the dorsal cranium, however. 
Spore piriform in front view, lenticular in side view; valves 
fairly thick, not symmetrical, one side flattened anteriorly' 
sutul1al ridge broad, sutural line distinct. On the front vie"; 
the base of the spore appears to have 3 ridges, broad at th; 
base and narrowing towards ,the middle of the spore. These 
are seen to consist of a definite central ridge and a lateral one 
on either side. The central ridge extends up the middle of th~ 
face view of the spore to about the middle of the sporoplasm, 
and there disappears. The lateral ridges are derived from the 
edges of 'the sUtUl',al ridge and, starting at equal distances from 
the central ridge, extend out onto the face of the spore for a 
distance equal to about one-fourth the width of 'the spore. 
They then curve back to meet the edge of the spore at 'a 
point approximately at the middle of the polar capsules. Polar' 
oapsules piriform, elongate and converging. 
KEY TO MYXOSOMA SPECIES OF NORTH 
AMERICAN FRESHWATER FISHES 
This key is artificial; the key characteristics are 
based on anything that we think might aid in identi· 
fication. 
1. Found in cartilage, or granulomas extending 
from it .................................................................. 2, 
1. Not found in cartilage ........................................ 3 
2. Found in Salmonidae ........................ M. eerebraln 
2. Found in the sclera of the eye of Pimephales 
promelas .............................................. M. hojjmani 
2. Found in the sclera of the eye of Perea fiaves-
eens and Pereina eaprodes .............. M. scleroperc. 
2. Found in head cartilage of Centrarchidae ...... 
M. eartilaginis n. SPI 
3. Spores distinctly oval or piriform .................... l' 
3. Spores nearly round or very short oval .......... .. 
4. In gills or gill capillaries .................................... S 
4. Not in gills .......................................................... a 
5. In gill capillaries of Ietiobus; spore small (9 
X 8 J1-) ................................................ M. endovasA, 
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5 Not in gill capillaries; spore larger ............ ...... 6 
6: Spore wider than long; small intercapsular ap-
pendix of valves; in gills of I ctiobus ............... . 
M. okobojiensis 
6. Spore round or slightly longer than wide . ...... ... 7 
7. Spore larger (15-17 X 15 JL); in gills of Ictio-
bus ............................................................ M. ovalis 
7. Spore smaller (12-14 X 11-13 /J-); in gills of 
Carpiodes .......................................... M. rotundum 
8. In skin .................................................................. 9 
8. In abdomen of Minytrema; spore with projec-
tion of valves into spore .............. M. microthecum 
9. Spore larger (14-15 X 11.5 /J-); in skin of 
Catostomus ...................................... M. bibullatum 
9. Spore smaller (8.4-9.9 X 7.7-9.9 /J-); in skin 
of salmonids ...................................... M. squamalis 
10. In brain of Perca and Etheostoma; spore dis-
tinctly piriform ................................ M. neurophila 
10. Not in brain ........................................................ 11 
11. In gill arch of Esox; small spore (9-10 X 5-7 
/J-): polar capsules sub equal ................ M. cuneata 
11. Not in gill arch .................................................... 12 
12. In skin .................................................................. 13 
12. Not in skin .......................................................... 17 
13. Polar capsules open on one valve only; in skin 
of Fundulus; spore 11.5-12.5 X 7 /J-; length/ 
width = 1.7 ........................................ M. hudsonis 
13. Polar capsules open on each side ........................ 14 
14. Very narrow spore, length/width 2.4; spore 
15-17 X 6.5-7 JL; in skin of Percopsis ........... . 
M. procerum 
14. Spore not extremely narrow ................................ 15 
15. Spore fairly narrow, length/width = 1.8; in 
skin (?) on cleithrum of operculum of Cato-
stomus ............................................ M. ellipticoides 
15. Spore not as narrow, length/width = 1.3-1.4 .. 16 
16. Spore larger (14-16 X 10-11 JL); in skin of 
lVotropis .............................................. M. robustum 
16. Spore smaller (9.5-16.5 X 7-11 JL); in skin of 
Catostomus .................................... M. commersonii 
17. In gill filaments .................................................. 18 
17. Not in gill filaments ............................................ 20 
18. Spore piriform in front view, 14 X 8 /J-; in fila-
ments of Fundulus ................................ M. funduli 
18. Spore with anterior end more or less truncated .. 19 
19. In gill filaments of Esox; spore 12-13.5 X 7 /J-
with length/width = 1.8; polar capsules 7 X 
3 /J- •••••••••••••••••••••••••••••••••••••••••••••••••••••••• M. muelleri 
19. In gill filaments of Ictiobus (in Idus in Eu-
rope); spore 10-12 X 9.5 /J- with length/width 
= 1.2; polar capsules 4 X 2.3 /J- •••• M. multiplicata 
20. In musculature (connective tissue?) of Cato-
stomus; spore 13-15 X 10-11.5 /J-; polar cap-
sules occasionally subequal, 5.6 X 2.5-3.3 /J- •••• 
M. catostomi 
20. :\'ot in musculature ............................................ 21 
21. Larger, spores 15-17.5 /J- •••••••••••••••••••••••••••••••••••• 22 
21. Smaller, spores 13-14.5 JL •..•...•.....•..•..•..•..••..•.•...• 26 
22. Very narrow in face view, length/width = 
2.3-3 .................................................................... 23 
22. Not as narrow, length/width = 1.6-1.9 .......... 24 
23. In testis of Fundulus; spore 15.5-20 X 5.2-7.6 
/J-, length /width = 3; polar capsules subequal 
8.9-9.6 X 6.6-7.4 /J- •••••.•••••••••••••••••••••• M. diaphana 
23. In connective tissue of viscera, and fat bodies 
in cranium of Fundulus; spore 15-18 X 6.5-8 
/J-, length/width = 2.3; capsules sub equal 7-8 
X 2 (?) .............................................. M. subtecalis 
24. In eye orbit of Notropis; spore 13.3-17.5 X 
8.2 /J-, length/width = 1.9; polar capsules 4.1-
6.4 X 1.3-3 /J- (very similar to M. notropis .... 
M.orbitalis 
24. Not in eye orbit .................................................. 25 
25. In abdomen of Pfrille; spore 12.7-19.6 X 7.7-
11.4 /J-, length/width = 1.8; polar capsules 
4.5-6.4 X 1.8-3.2 /J- •••••••••••••••••••••••••••••••• M. pfrille 
25. In liver of Ericymba, Notropis, Rhinichthys; 
spore 15-16 X 9-11 JL, length/width = 1.6; 
polar capsules 6-7 X 2.5-3 /J- •••••••••••••••• M. grandis 
26. In visceral cavity and liver of Notropis; spore 
13.3-16.6 X 6.4-11 /J-, length/width = 1.6; 
polar capsules 4-6.4 X 1.3-3.2 sometimes sub-
equal, (very similar to M. orbitalis) .. M. notropis 
26. In visceral cavity only ........................................ 27 
27. In Notropis; spore 11-16.8 X 7.7-10.4 /J-, 
length/width = 1.5; polar capsules 5-8.2 X 
1.8-3.2 /J- •••••••••••••••••••••••••••••••••••••••••••••••••••• M. media 
27. In Pfrille; spore 11.4-16.4 X 7.3-10 /J-, length/ 
width = 1.5; polar capsules 4.1-5.5 X 2.3-
3.2 /J- •••••••••••••••••••••••••••••••••••••••••• M. parellipticoides 
We wish to thank Mr. Arnold Golding, National Fish Hatch-
ery, North Attleboro, Massachusetts, for the data in the section 
on polar filament extrusion which he performed while a 
t~ainee at the Eastern Fish Disease Laboratory. 
REFERENCES 
1. Baker, J. R. 1963. Three new species of Myxosoma 
(Protozoa:Myxosporidia) from East African freshwater fish. 
Parasitology 53, 285-92. 
2. Bond, F. F. 1937. Myxosoma grandis Kudo in fish from 
the Hudson River drainage system. J. Parasitol. 23, 231-2. 
3. -- 1938. Cnidosporidia from Fundulus heteroclitus 
Lin. Trans. Am. Microscop. Soc. 57, 107-22. 
4. -- 1939. Myxosporidia from fishes of the genus 
Esox. J. Parasitol. 25, 377-81. 
5. Bychowsky, B. E. (Ed.). 1962. Identification of the 
Parasites of Freshwater Fishes of the USSR. Izadeltelbstvo 
Akademii Nauk SSSR, Moskva-Leningrad, 775 p. (Trans!. in 
progress, OTS, U.S. Dept. Commerce). 
6. Davis, H. S. 1923. Studies on sporulation and develop-
ment of the cysts in a new species of Myxosporidia, Lento-
spora ovalis. J. Morphol. 37, 425-47. 
7. -- 1947. Studies of the protozoan parasites of fresh-
water fishes. Fish. Bull., U.S.F.W.S. 51, 1-29. 
8. Dogiel, V. A., Petrushevski, G. K. & Polyanski Yu. I. 1958. 
Parasitology of Fishes, Leningrad (English trans!. by Oliver 
332 111 yxosoma OF FISH 
and Boyd, Edinburgh, 384 p.) 
9. Fantham, H. B., Porter, A. & Richardson, L. R. 1939. 
Some Myxosporidia found in certain freshwater fishes in Quebec 
Province, Canada. Parasitology 31, 1-77. 
to. --- 1940. Some more Myxosporidia observed in 
Canadian fishes. Parasitology 32, 333-53. 
11. Ghittino, P. 1962. Lentosporiasi branchiale in cavedavi 
(Leuciscus cephalus cabeda) pescati nelle acque del basino del 
Po in Peimonte. Rev. Parassitol. 23, 241-8. 
12. Guilford, H. G. 1963. New species of Myxosporidia 
found in percid fishes from Green Bay (Lake Michigan). J. 
Parasitol. 49, 474-8. 
13. Gurley, R. R. 1894. The myxosporidia, or psorosperms 
of fishes, and the epidemic produced by them. Report U.S. 
Fish Comm. No. 26, 65-304. 
14. Herrick, J. A. 1936. Two new species of Myxobolus 
from fishes of Lake Erie. Trans. Am. Microscop. Soc. 55, 
194-8. 
15. --- 1941. Some Myxosporidian parasites of Lake 
Erie fishes. Trans. Am. Microscop. Soc. 60, 163-70. 
16. Hoffman, G. L., Dunbar, C. E. & Bradford, A. 1962. 
Whirling disease of trouts caused by Myxosoma cerebralis in 
the United States. Spec. Sci. Rep. Fish. No. 427, 15 p. 
17. Iversen, E. S. 1954. A new myxosporidian, Myxosoma 
squamalis, parasite of some salmonid fishes. J. Parasitol. 40, 
397-404. 
18. Kabata, Z. 1957. Note on a new host of Myxobolus 
aeglefini. Parasitology 47, 165-8. 
19. Kudo, R. R. 1918. Experiments on the extrusion of 
polar filaments of Cnidosporidian spores. J. Parasitol. 4, 141-7. 
20. --- 1920. Studies on Myxosporidia. Illinois BioI. 
Monogr. 5, 265 p. 
21. --- 1923. Development of a myxosporidian, Myxo-
soma catostomi nov. spec. Anat. Record 24, 369 (Abst.). 
22. --- 1926. On Myxosoma catostomi Kudo, 1923, a 
myxosporidian parasite of the sucker, Catostomus commer-
sonti. Arch. Protistenk. 56, 90-115. 
23. --- 1930. Myxosporidia. In Hegner, R. W. and An-
drews, J. M., Problems and Methods of Research in Proto-
zoology, New York, 532 p. 
24. --- 1933. A taxonomic consideration of Myxosporidia. 
Trans. Am. Microscop. Soc. 52, 195-216. 
25. --- 1934. Studies on some protozoan parasites of 
fishes of Illinois. Illinois BioI. Monogr. 13, 7-44. 
26. --- 1960. Personal communication. Zoology Depart-
ment, University of Southern Illinois, Carbonale, Illinois. 
27. Markewitsch, A. P. 1932. Zur Kenntnis der Myxospo-
ridian von Susswasserfischen der Ukraine. Zool. Anz. 99 2 
28. Meglitsch, P. A. 1937. On some new and known 1\1 97. 
sporidia of the fishes of Illinois. J. Parasitol. 23, 467-77 YXo-
29. --- 1942. Myxosoma microthecum n. sp. a'm 
sporidian inhabiting the mesenteries of Minytrema' mala:Xpo-
Trans. Am. Microscop. Soc. 61, 31-5. 0 s. 
30. --- 1963. On Myxosoma hojjmanni sp. nov. inhab't 
ing the eye of Pimephales notatus (Raf.) Trans. A~. Micr~: 
scop. Soc. 82, 416-17. 
31. Nigrelli, R. F. 1943. Causes of disease and death 
fishes in captivity. Zoologica (N. York), 28, 203-16. of 
32. Noble, E. R. 1943. Nuclear cycles in the protozoan 
parasite Myxidium gasterostei n. sp. J. Morphol. 73, 281-95. 
33. Otto, G. R. & Jahn, T. L. 1943. Internal myxosporidian 
infection~ of some fishes of the Okoboji region. Proc. Iowa 
A cad. Set. 50, 323-35. 
34. Plehn, M. 1904. Uber die Drehkrankheit der Salmoni_ 
den Lentospora cerebralis (Hofer) Plehn. Arch. Protistenk. 5 
145-66. ' 
35. Rice, V. J. & Jahn, T. L. 1943. Myxosporidian para-
sites from the gills of some fishes of the Okoboji region. Proc 
Iowa Acad. Sci. 5, 313-21. . 
36. Uspenskaya, A. V. 1957. The ecology and spreading of 
the pathogen of Myxosoma cerebralis (Hofer, 1903; Plehn 
1905) of trout in the fish ponds of the Soviet Union. In, Para!-
sites and Diseases of Fish, ed. by G. K. Petrusheveski. Vol. 
42, Bull. USSR Sci. Inst. Freshwater Fish (English translation 
Office of Technical Services, U. S. Department of Commerce' 
Washington, No. 60-51169, 47-55). ' 
37. --- 1963. Personal communication; Institute of Cy-
tology, Acad. of Sciences of the USSR, Pro Mavlina 32, Lenin-
grad, USSR. 
38. Wagh, P. V. 1961. Transplantation of a myxosporidian, 
Myxosoma ovalis from Ictiobus bubalus (small-mouth buffalo) 
to Notemigonus crysoleucas (golden shiner). J. BioI. Sci. 4, 
47-51. 
39. Ward, H. B. 1919. Notes on North American Myxo-
sporidia. J. Parasitol. 6, 49-64. 
40. Woodcock, H. M. 1904. On Myxosporidia in flat-fish. 
Trans. BioI. Soc. Liverpool 18, 46-62. 
41. Wyatt, E. J. & Pratt, 1. 1963. Myxobolus insidiosus sp. 
n., a myxosporidian from the musculature of Onchorhynchus 
tshawytscha (Walbaum). J. Parasitol. 49, 951-5. 
42. Yasutake, W. T. & Wood, E. M. 1957. Some Myxo-
sporidia found in Pacific Northwest salmonids. J. Parasitol. 
43, 633-42. 
